Background: General practitioners (GPs) are the most important providers of primary health care, as proven by related research published several decades ago. However, the knowledge structure and theme trends of such research remain unclear. Accordingly, this study aimed to provide an overview of the development of research on GPs over the period of 1999 to 2014.
training requirements tailored to each country. The Alma Ata Declaration in 1978 set the intellectual foundation of what primary care and general practice should be [7] [8] [9] . Currently, GPs are specialist physicians trained in the principles of the discipline [10] . They are personal doctors who are responsible primarily for the provision of comprehensive and continuing care to every individual seeking medical care irrespective of age, sex, and illness. GPs care for individuals in the context of their family, their community and their culture, always respecting the autonomy of their patients [11] [12] [13] . The core competencies of GPs are primary care management, person-centered care, specific problem solving skills comprehensive approach, community orientation, and holistic modeling. However, the role of a GP can vary greatly between (or even within) countries [14] . In urban areas of developed countries, their roles tend to be narrower and focused on the care of chronic health problems, treatment of acute non-lifethreatening diseases, early detection and referral to specialized care of patients with serious diseases, and preventative care including health education and immunization. However, in developing countries or in the rural areas of developed countries, a GP may be routinely involved in pre-hospital emergency care, the delivery of babies, community hospital care, and performance of low-complexity surgical procedures. Moreover, in some healthcare systems, GPs work in primary care centers where they play a central role in the healthcare team, whereas GPs can work as single-handed practitioners in other models of care [15, 16] .
Entering the 21 st century, the connotation and role of GPs was also developed with changes of society and health reform all over the world. In particular, GPs not only provide comprehensive and compassionate health care services in the context of individual needs, their families and communities, but also play a vital role in reducing health inequalities and in delivering highquality and cost-effective care. The role of GPs as primary care physicians in health risk factor interventions has been well introduced in the literature [17] [18] [19] [20] . Many researchers have suggested that GPs can contribute to reducing the prevalence of smoking or alcohol misuse. Moreover, GPs encourage lifestyle changes, especially in nutrition and physical activities. Patients primarily obtain worthy information on nutrition or physical activity from GPs [21] . Hence, to understand the knowledge structure and theme trends on general practitioners further, we use co-word analysis and related technologies in this paper to reveal the research evolution and trends of major themes and knowledge structure on GPs, probe features of the major themes and its development process, and provide an overview of the development trends in the field of GPs during 1999-2014 based on the PubMed database [22] [23] [24] [25] .
Methods

Data source
Data were retrieved and downloaded from PubMed, a biomedical literature database developed by the US National Center for Biotechnology Information. PubMed was selected as the data source for two reasons. First, PubMed is a free authoritative medical literature database consisting of over 25 million citations for biomedical literature from MEDLINE, life science journals, and online books, including the fields of biomedicine and health, covering portions of the life sciences, behavioral sciences, chemical sciences, and bioengineering. Second, the articles from PubMed are indexed with Medical Subject Headings (MeSH) terms, which comprises a set of normalized words that can reflect the contents of articles [26, 27] . The PubMed database and MeSH terms provide a good possibility of extracting emerging keywords. The MeSH terms "family, physician" and "general practitioner" are two different terms in the database. The meanings of the two subject terms are also different and reflect the development of GPs. In this study, retrieval strategies employed included "general practitioners" [MeSH] or "physicians, family" [MeSH terms] according to the entry words, which include "general practitioner," "practitioner, general," "practitioners, general," "physicians, general practice," "general practice physician," "general practice physicians," "physician, general practice," and "practice physicians, general." The publication scope was limited to within 1999-2014 and a total of 10704 articles were retrieved on August 7, 2015.
Scientometrics
Scientometrics is a discipline of measuring science and the effects of scientific work, and its indicators are equally suitable for macro-analysis and micro studies [30] . Scientometrics has been widely used in the fields of data mining, machine learning, and information retrieval [31, 32] .
Co-word analysis is a content analysis technique that is based on the assumptions that a scientific field can mark literature and reflect its core contents by abstracting a set of single words, and that the keywords of scientific publications can be treated as signal-words [33] . This technique means that the more frequent the cooccurrence of a pair of words in the literature, the more similar the themes they indicate. Moreover, the frequency of word occurrence in the entire body of a selected field can reflect important themes, and co-occurrence of multiple terms in the same literature that reflects the themes to which they refer [31] .
Social network analysis is a method that aims to study the relationship between a set of actors and views social relationships in terms of network theory that consists of nodes (representing words in this study) and ties (represent word relationships in this study) [22, 34, 35] . Centrality is an important index for analyzing the network and determining the influence of a node in the network, including degree centrality, betweenness centrality, and closeness centrality [36] . Degree represents the number of ties to others, while in a friendship network, degree may translate to gregariousness or popularity. Betweenness indicates how frequently a node lies along the geodesic pathways of other nodes in the network and, therefore is an inherently asymmetric measure. Closeness represents the graph-theoretic distance of a given node to all other nodes, and network centralization reflects the whole network tightness.
Thematic evolution analysis [37, 38] was used to detect and visualize the topic evolution of GPs as it can be used to conduct sufficient analyses than co-word networks [39] . The alluvial diagram based from the geographic domain and proposed by Rosvall and Berstrom [40] was also employed in this study to visualize the evolution of networks. The overall evolution provides insights on the evolution of different topics.
Science mapping analysis is an important research topic in the field of scientometrics, and is focused on monitoring a scientific field and delimiting research areas to determine its cognitive structure and its evolution, thereby revealing the hidden key relations among documents, authors, institutions, and topics. The workflow of science mapping analysis contains eight aspects: data retrieval, preprocessing, network extraction, normalization, mapping, analysis, visualization, and interpretation [41] [42] [43] .
Data analysis
The process includes mainly three stages: data processing, theme structure, and theme evolution. First, the retrieved articles were downloaded as XML files and imported into the Bibliographic Item Co-Occurrence Matrix Builder (BICOMB) [28] software. Next, the major MeSH terms were extracted and assessed with the BICOMB. The high-frequency MeSH terms were identified and divided into three time periods, and a word occurrence matrix was constructed to support further coword analysis. The high-frequency words were defined by using the following formula proposed by Donohue in 1973: 29] . In this formula, I 1 represents the number of words that occurred once in the articles, and words with higher frequency than N were considered high-frequency words. Second, the word occurrence matrix was imported into Ucinet software and visualized based on co-word theory, after which the social network analysis method was used to analyze the themes and knowledge structure of GPs in different time periods. Third, the thematic evolution analysis method and NEViewer software were used to analyze and forecast the theme evolution trends by combining the different stages information. Based on the above analysis, BICOMB [28] , Ucinet [44] , and NEViewer [39] software were used to analyze the publications for knowledge mapping.
Growth rate
The entire data were divided into three periods, namely, 1999 to 2003, 2004 to 2008 and 2009 to 2014 , to display the research hotspots and developments of research on GPs. The growth rate of the number of publications was determined through the absolute increase of publications and then measured by using two related parameters: relative growth rate (RGR) and double time (Dt) [45, 46] . RGR in the classical growth analysis is defined as
where N2 and N1 are the cumulative publications in two years, namely, t2 and t1, respectively. In the present analysis t2-t1 is taken as one year. Accordingly, RGR can be expressed as RGR = ln (N2/N1). Dt is the time required for publications to double in number for a given RGR, and is expressed as
where Dt is a characteristic time for this exponential growth, and a constant value for RGR in each subsequent year indicates that the growth rate is exponential. For example, if the number of articles or pages of a subject doubles in one year then the difference between the logarithms of numbers at the beginning and end of this period must be the logarithm of the number 2. Hence, if the natural logarithm is used, the RGR = 0.693(ln2 ≈ 0.693) and Dt =1.
Results
The entire set of data was divided into three periods, Table 2 ).
As shown in Table 2 , for the last 16 years, the worldwide RGR achieved an average value of 0.22 and an average Dt As shown in Fig. 1 , although research on GPs has increased during last decades, compared with other fields (e.g., cardiovascular diseases, digestive system diseases, neoplasms and respiratory tract diseases), the gaps between GPs and others has become much larger. In 1999, GP-related papers accounted for 0.08 % of all papers in PubMed and reached a peak in 2008 (0.12 %). Then, the growth speed of GP-related research became increasingly lower compared with other fields and the entire field of medicine. The results conform to the outcomes presented in Table 2 .
Knowledge structure and research topic analysis
The threshold for generating edges was set as five times of co-occurrences, in order to eliminate the weak relation among the major MeSH terms. Keyword centrality was measured by the degree, betweenness, and closeness centrality.
Network centralization was applied to analyze the network structure. Specific data are shown in Table 3 . As shown in Table 3 , the network centralization decreased with the development of GPs, while the mean values of degree and betweenness increased rapidly. The results suggest that the topics in this field are becoming increasingly richer and no longer based on only several words or themes; moreover, he links with topics have become even closer.
Knowledge structure of the time period from 1999-2003
A sum of 27 high-frequency keywords were identified from the research on GPs published from 1999-2003 (Table 4) . "Physicians, family" with a frequency of 1759 ranks first. This keyword has a degree value of as high as 2160, indicating that it has a direct link with many keywords and is in the central position in the social network of GP-related research. Moreover, keywords "attitude of health personnel," "family practice," "physician's Table 4 also shows that these four keywords mentioned above with the same value (11.15), rank top in the list. Meanwhile, these four keywords have the lowest closeness value (26) in the list, indicating that they have the shortest path when they communicate with other keywords. Such a finding indicates that these keywords can transfer information with less dependence on other keywords. Figure 2 demonstrates that the research themes in this period focus mainly on "family practice," "primary health care," "attitude of health personnel," and "physician's practice patterns."
Knowledge structure of the time period from 2004-2008
A total of 41 high-frequency keywords were identified from research on GPs published from [2004] [2005] [2006] [2007] [2008] . "physicians, family" still tops the list with a frequency of 2424, followed by "attitude of health personnel," "family practice," "primary health care," and "physician's patient patterns." Compared with other keywords illustrated in Table 5 , these keywords have higher degree and betweenness values and lower closeness value. Accordingly, these five keywords above are in the central position of the social network in GPs research, and many paths that diversified from them connect to other keywords. Figure 3 also demonstrates that most research on GPs focus primarily on "physicians, family," "family practice," "attitude of health personnel," and "primary health care." However, "physician's practice patterns" and "physician-patient relations" have received more attention based on the increasing frequency of new keywords linked to them.
Knowledge structure of the time period from 2009-2014
A total of 64 high-frequency keywords were extracted from the papers published from 2009 to 2014. "General practitioner" replaces "family practice" in the rank of top four. Both "physicians, family" and "general practitioners" are placed exclusively at the central position in the social network of GP-related research; their degree values are similar, but much higher than those of the remaining keywords shown in Table 6 . Moreover, "attitude of health personnel" and "primary health care" also play indispensable roles in the social network in accordance with their relatively high degrees and betweenness values. Because of their lowest closeness centrality values, "general practitioners," and "physicians, family," have the shortest commutation path with other keywords, which means that if any of these keywords is curtailed, the knowledge structure shown in Thematic evolution and trends analysis Figure 5 shows an overall picture of the topic evolution of research on GPs from 1999-2014, in which different bars of color represent different communities of GPs (themes or topics). "Physicians, family" always topped the list of the diagram in all time periods (1999-2003, 2004-2008, and 2009-2014) . The keywords "attitude of health personnel," "family practice," "general practitioner," and "primary health care" also topped the diagram, indicating that they are the major topics of research on GPs. The keyword "at- 
Discussions
Publication trends of research on GPs
The publication trend of research on GPs is revealed to maintain a fluctuating increase with a slight decline occurring in 2004 before reaching its peak in 2008. The rapid increase of papers in 2004-2008 and the peak in 2008 might be related to the existence of health care reforms in most countries, which focused considerably on general practice and primary health care [47] . Although a decline trend of papers publication on GPs after 2008 was observed, in general, the total quantity of papers on GPs were still massive. Hence, higher numbers of better papers are expected to be produced in the impending maturity period. Moreover, compared with the fields of cardiovascular diseases, digestive system diseases, neoplasms and respiratory tract diseases, the gaps of absolute number and growth rate are increasing. General practice is a key discipline of primary care, and in many countries, GPs are physicians directly accessible to the public. The increase of research output pertaining to general practice can also promote the development of primary care. Although related research in this discipline shows a fluctuating increase, classical clinical disciplines, such as cardiovascular diseases, digestive system diseases, neoplasms and respiratory tract diseases have consistently been the focus of research. If the field of general practice intends to catch up, it will take many years of work and accumulated experience before this can happen [25] .
The knowledge structures of research on GPs
During the first stage, the knowledge structure could not be shaped if "physician, family" is removed (Fig. 2) . Therefore, "physician, family" maintains its central position in the social network. The keywords "attitude of health personnel," "family practice," "physician's practice patterns," and "primary health care" also play vital roles in the social network of GP-related research. Consequently, these keywords have an indispensable place when information is transferred from one keyword to another, and can control information exchange among other keywords. "Physicians, family" is evidently the dominant keyword, but the other keywords related to it, such as "family practice," "attitude of health personnel," and "primary health care" are also at the center of the knowledge structure. The knowledge structure exists based on these main keywords. In general, research themes over this period aim mainly to sort and clarify the role/career orientation of GPs in primary care/family practice. The results demonstrate that research themes in this period focus mainly on the categories enumerated below. First, the basic role of GPs is within the scope of family practice/primary health care, such as conducting referrals, consultations, and mass screenings. The equity in the provision in rural health services is also considered a basic role of GPs. Second, the relationship between general practitioners/family physician and patients is a topic widely studied based on the keywords "physician-patient relations," "communication," and "patient education". Third, with the development and changes in primary health and primary care teams, GPs now have opportunities to extend the range of their own skills and interests in clinical practice. Therefore, the development of GPs in terms of their clinical skills and career has received remarkable attention. Keywords "specialization," "clinical competence," and "education, medical, continuing" support such observation. During the second stage, "physicians, family" still plays the central role, and "attitude of health personnel," "family practice," "primary health care," and "physician's patient patterns" are also in the top 5. This observation is similar with the previous finding in the first period; however, the knowledge structure shown in Fig. 3 is obviously more complex and scattered than the former period. In this period, the basic role of GPs in primary health care/family practice remains the main focus of research on GPs. However, such works have begun to involve the quality and accessibility of primary health services with new emerging keywords (i.e., "health services accessibility," "delivery of health care," and "quality of health care") shown in Table 5 . The role of GPs in managing diseases, especially in managing chronic diseases (e.g., asthma, hypertension, diabetes mellitus type 2, cardiovascular diseases, mental disorders, and depression) is also fast becoming an emergent research topic in this field. This may be because during this period, most Western countries (e.g., Australia, the US, and New Zealand) spent significant amount of time refocusing their health care systems to address the increasing burden of chronic diseases [48, 49] . The CP-patient relation and clinical development of GPs (i.e., continuing education and clinical competence improvement) are also considered main research themes from 2004-2008. Moreover, literature on GPs has begun to emphasize the spiritual/psychological experience of both GPs and patients according to the keywords "patient" and "job satisfaction." Based on the above analysis, substantial amount of research on GPs published in this period are more in-depth and diversified than works published in the last stage. Moreover, during these years, GPs have begun to provide patients with higher-quality, more equitable, and comprehensive health services. A new keyword, "medical records systems, computerized" also emerged during this period, indicating that the use of computers and computerized medical records is becoming more popular in primary health care services. Hence, the topics related to "medical records systems, computerized" and GPs are also widely investigated.
Unlike in the last two periods, during the third stage, "general practitioner" replaces "family practice" in the rank of top four, and both "physicians, family" and Table 6 and Fig. 4 indicate that research themes can be clustered into several respects. The first one pertains to the new role changes of GPs in primary/family/ general practices that correspond with health care reforms throughout the world. The new keyword "general practice," which refers mainly to community-orientation, has received wide attention because of the increasing consideration paid to primary health care. Hence, GPs have gradually provided person-centered, continuing, comprehensive, and coordinated whole person health care services to individuals and families in their respective communities [47] . The second aspect refers to the comprehensive functions of GPs. Other than focusing on managing chronic diseases, in this period, the GPs are more concerned with health promotion and disease follow-up care to meet the challenges that confront the reformed health care system, including the existence of an ageing population accompanied by an increased prevalence of long-term health conditions. The third aspect relates to care coordination with other types of health and social care providers. The whole world is confronted with problems regarding chronic and complex disease management. Thus, closer inter-professional cooperation is urgently needed [50] . In this context, GPs and other relevant persons involved must work together as part of a healthcare team that provides the best health care practice [51, 52] .
The thematic evolution of research on GPs
Overview, the majority of the themes maintain stable positions or only undergo slight rank changes during the former two stages. The thematic evolution results show that many research topics do not emerge out of the void and are more or less associated with the presence of other topics that emerged in the past. Many themes are based on previous scientific research and are produced gradually, although different forms of thematic evolution have taken place in recent years as shown in Fig. 5 . For example, the "general practitioners" community in 2009-2014 emerged with the development of primary care and the evolution of general practice. Specifically, with the enhancement and improvement of primary health care, general practice has become a place (both real and virtual) of comprehensive health service, in which individual patients are not only provided with episodic care and ongoing clinical management, but also granted access to preventive care, health education, and other services. The focus of primary health care [53] has been widely analyzed in the literature, which corresponds to an increase in works that study the roles of GPs in general practice. "Inter- Such an occurrence may be because of the improvement of primary health care, inter-professional relations with broader connotation and referral and consultation, which gradually formed a new community in 2009-2014. Pieces of evidence indicate that high-quality community-based palliative care is achieved with effective multidisciplinary teamwork, good inter-professional relationships (i.e., good communication between GPs and district nurses), and early referral of patients to district nurses [54] . In the last two decades of the 20 th century, the prevalence of depression in the general population has constituted a major health burden among developed countries, and an increase in recognizing the importance of ensuring its identification and treatment in primary health care has been observed [55, 56] . Therefore, with thematic evolution, "depression" finally became a new community from the "primary health care" expansion in 2009-2014. In summary, the considerable amount of research on GPs has great potential for further development.
Hot topics found in research on GPs Multiple roles and competency improvement of GPs
Except for the foundational role of GPs in primary health care and with the represented keywords (e.g., "referral and consultation," "drug prescriptions," "delivery of health care," "mass screening," and "patient education as topic" shown from 1999-2014), GPs have continuously played important roles in primary care management, improving quality and ensuring equity of primary health care services, which has become a major concern as a research topic. Anne et al. conducted research to assess the geographical equity in the availability and accessibility of GP services for women in Australia, and their analysis results indicated that women living in rural areas gave lower ratings for availability, accessibility, and affordability of GP services than women in urban areas [57] . The new trends of knowledge structure analysis reveal that GPs have gradually provided person-centered, community-orientation health care services with comprehensive approaches. The management of chronic diseases has also become one of the most important tasks of GPs. The importance of GPs in managing patients with chronic diseases, especially asthma, hypertension, Type 2 diabetes, and mental health issues, include the initial diagnosis, initiating treatment, risk factor interventions to overall continuity of care. Many studies have explored the disease management of patients with specific populations, such as women [58] , older adults [59] [60] [61] [62] , and children [63] . The role of GPs in promoting health and preventing disease, whether effective or not, must be investigated further.
As for the competency of GPs, continuous improvements involving education level, specific problem-solving competence, and communication skill with patients have become the focus of studies on GPs in response to the increasing needs of quality improvement in primary care in many countries. In England, some GPs have taken leading roles in their practices for specific clinical areas [64] . GPs are also gaining more specific problem-solving skills. Joanna et al. defined GPs as physicians who supplement their generalist role by delivering high quality and improved accessibility to services. Dermatology and respiratory diseases are areas that GPs with special interest have chosen to develop in recent years [65, 66] . With healthcare system reforms as well as the problem-solving and skills development of GPs, more specific themes on the role and competencies of GPs may become available to meet the challenges that confront disease management. Such challenges include new concepts of patient empowerment and continuous quality improvement, which has been revised in the 2011 edition of European Definition of General Practice/Family Medicine compared with the 2002 and 2005 edition [67] .
Conclusions
Scientometrics, co-word analysis, and social network analysis were combined and used to reveal the knowledge structures and thematic evolution of research on GPs published from 1999-2014. The number of studies on GPs has rapidly increased but the growth rate has decreased to some extent. The gaps between GPs and others (e.g., cardiovascular diseases, digestive system diseases, neoplasms, and respiratory tract diseases) have also been growing in recent years.
The research on GPs varies and develops with the changes in health care reforms, health policies, and functions of GPs in many countries, especially in recent years. The multiple roles and competency improvement of GPs, as well as the relations between GPs and patients/others involved (e.g., health care providers) have reflected the core competencies of GPs, especially in primary care management, person-centered care, specific problem solving skills and community-orientation, in accordance with the European Definition of General Practice/Family Medicine [67] . More substantial research, especially on comprehensive approaches, olistic modeling, patient empowerment, and continuous quality improvement should be accomplished. This study also anticipates that, owing to the growth of the elderly population, elderly persons shall be the main topics of the major specific groups in GP-related research.
Limitations
First, literature was extracted only from the PubMed database, which may not contain all literature related to
